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To date, crude oil-derived composites (glass/PP, glass/epoxy etc.) have been commercially used to produce 
45
The mechanical performance of natural fibre composites is limited by the poor interface quality between the 46 hydrophilic fibre and the hydrophobic polymer matrix (Zhu et al., 2013b 
99
The tannin resins prior to composite manufacturing were prepared using aqueous tannin and 33 wt % 100 hexamine/water solution (12:1, w/w). First, the tannin powder was dissolved in water with weight ratio of 5:7 by 101 using a magnetic stirrer. About 0.2 wt % de-foaming agent on resin mass was added into water before mixing.
102
Tannin was added in a few steps to minimize the solid precipitation 
Quasi-static three-point bending tests
126
The three point bending tests were performed according to ASTM D7264, on the Instron 50/100kN machine at 1 127 mm/min rate of loading. The specimen (154*13*2.5 mm) was placed using a standard span to thickness ratio of 
153
The introduction of silane coupling agent (APS) after NaOH purification enhanced the tensile strength to 58.1
154
MPa, a 38.6% improvement. When the fibres were impregnated with resins, silane linkages were formed 155 between fibre surface and resin at elevated temperature so as to further improve the interfacial adhesion strength.
156
Based on the results of Young's modulus (Table 3) , it can be seen that APS treated composites, which showed 157 the best results in tensile strength, exhibited the highest tensile modulus of 7.5 GPa among all the samples.
158
Similarly, untreated composites had the lowest modulus values of 6.1 GPa.
159
The advantage of using DIC method not only gave accurate micro-scale strain through full-field analysis, but 160 also reflected precise progress of strain change all through the testing to failure (Laustsen et al., 2014 ). plastic (ε p ) deformation, the strain (ε) could be expressed as:
Where ε e is derived simply using applied stress (σ) and elastic modulus (E); ε p is a function of three parameters, 
180
Due to the quasi-homogeneity of non-woven flax composites, the above theory and calculation could be applied.
181
Curve fitting was based on the RSS (residual of sum of square) method by 1stOpt software. 
247
The threshold force for visible damage and the associated failure energy are shown in Table 5 
255
The 3D time-force energy curves for untreated and treated flax/tannin composites were plotted in Figure 9 . The 256 time-force curves were similar to displacement-force curves due to the fact that there was no rebound case 257 allowing force 'fold back'. The XZ projection of the 3D curves reflected the effect of fibre treatment on energy 258 dissipation progress. It can be seen that the energy had a gradient change at the transition time of around 4-5 ms.
259
The energy dissipated by the system before the transition was defined as the impact energy used for crack 260 initiation and propagation. The following energy increment is mainly contributed by the friction between the 261 dart surface and the sample edge in the perforation hole. The total input energy from the dart was about 10.26 J.
262
As seen in Table 5 , NaOH treated composites and untreated composites absorbed almost the same energy of 
